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Description 

The invention relates to a method of modifying the 
properties of a surface of a substrate by covalent bond- 
ing of a physiologically active compound solved in a sol- s 
vent-containing solution and containing one or more 
functional groups to the surface. Such methods are 
known from EP-A-46828 and EP-A-336964. 

According to EP-A-46828 surfaces of substrates 
are made antrthrombogenic by treating with heparin and 10 
a bridging substance bound covalently with heparin and 
the substrate. That is to say acrylic acid is esterified with 
the OH groups of heparin on the one side and polymer- 
ised with the substrate on the other side. 

According to EP-A-336964 surfaces of substrates is 
are made antithrombotic by reacting the amino group of 
heparin with a polyepoxide and the other epoxy part 
with the substrate. 

The known methods have the disadvantage that 
addition reaction of carbon double bonds or a-OH 20 
resulting from the opening of 1 ,2 epoxy bond may occur. 
This means that an undesired cross-linking reaction 
with heparin or the substrate may take place. Further- 
more there is formed a bridging group containing more 
than 1 carbon atom between the substrate and the com- 25 
pound immobilized thereon. Since the properties of the 
surface are determined by. among others, the chemical 
composition of the surface, said bridging group is of an 
undisired deciding importance as to the ultimate proper- 
ties of the substrate surface whereas preferably these 30 
properties only depend on heparin and the substrate. 

The method according to the invention provides a 
solution to this problem and is characterized in that the 
one or more functional groups of said compound are all 
or partly activated by a reagent in a solvent containing 35 
first solution, whereafter the activated compound is 
exposed to a functional substrate surface in a solvent 
containing second solution during which the compound 
becomes covalently bonded to said surface, said rea- 
gent being a carbonylating reagent having a structural 40 
formula R r (CO)-R 2 , wherein R 1 and R 2 represent 
groups which can easily be separated. Examples of 
such a reagent are 1 , 1 '-carbonyl diimidazde or 1 , 1 -car- 
bonyldi-l,2.4-triazole. The choice of the reagent is 
determined inter alia by the nature of the functional 45 
group(s) of the compound and of the substrate and by 
the choice of the solvents to be used. 

Apart from the feature that the compound contains 
one or more functional groups, the compound can be 
any compound which, after immobilization, changes the so 
properties of the substrate surface involved, when in 
contact with a particular environment. Examples are 
compounds which, after immobilization, increase the 
biocompatibility of the substrate surface, for instance 
heparin. ^ 

The method is particularly suitable when the com- 
pound is a polyelectrolyte or a polyelectrolyte-contain- 
ing compound having more than one functional group, 
tor instance heparin. With these compounds, during 



activation of the compound, no cross-finking of the com- 
pound occurs, which adds an extra advantage to the 
method. 

The compound is activated in a solvent suitable for 
activation, which solvent is not reactive with respect to 
the bifunctional reagent and the activated compound. 
The compound is immobilized in a solvent suitable for 
the immobilization of a sufficient amount of the com- 
pound to be immobilized. Examples of suitable solvents 
for activation in the case where the bifunctional reagent 
is a carbonylating reagent of the general structural for- 
mula R r (CO)-R 2 . for example. 1,1 -carbonyl diimida- 
zole or 1,1<arbonyl-l,2,4-triazole, are dioxane, 
tetrahydrofuran, acetone, formamide, dimethyl forma- 
mide and dichloromethane. The choice of the solvent 
during activation of the compound is also based on the 
solubility of the compound. The choice of the solvent 
during immoblization is also determined by the interac- 
tion of the substrate surface with the solvent and by the 
solubility of the activated compound in the solvent Mix- 
tures of several solvents can also be used. 

By way of example, the compound can be activated 
in a solution with a solvent of an organic nature, which 
solution, after the required reaction time, is added to the 
substrate surface which is in an aqueous environment. 

As regards the compound, it may be necessary to 
modify it in such a way that its solubility in the selected 
solvent is increased, rf the compound is a polyelectro- 
lyte. this can be done by an appropriate choice of the 
count erion. 

When a substrate surface to be modified does not 
have the required reactive groups it is possible to pro- 
vide the surface in question with such groups before- 
hand. 

In order to optimize the interaction of the compound 
after immobilization with components from the environ- 
ment to which the substrate is exposed, it is possible to 
provide the surface beforehand with so-called "spacer- 
molecules, which increase the distance between the 
substrate surface and the compound. An example of a 
suitable spacer molecule is a functional poly(ethylene 
oxide)<ontaining molecule which, after bonding to the 
substrate surface, contains one or more fucntional 
groups, preferably a hydroxy!- and/or carboxyl- and/or 
amino group(s). 

In addition to the advantage realized by the inven- 
tion, namely obtaining a substrate surface with modified 
properties, a further advantage is that by first activating 
the compound there is no bifunctional reagent available 
during the immobilization step to react with the sub- 
strate surface. This makes the method advantageously 
suitable for modifying hydrophilic substrates, of which 
only the properties of the substrate surface change 
upon modification according to the method. Examples 
of such hydrophilic substrates are cellulose-based 
membranes and hydrogels. 

The method also has the advantage that when the 
compound to be bonded is a polyelectrolyte-containing 
compound having more groups per molecule which are 
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reactive with respect to the bifunctional reagent for 
example heparin, cross-linking of the polyelectrolyte 
does not occur during the activation of said polyelectro- 
lyte. The advantage is that the activity of the compound 
is retained after immobilization. Furthermore, the 5 
method is so simple that the surface modification with 
the activated compound can be carried out as a one- 
step procedure. 

The invention also relates to a membrane having a 
surface modified in accordance with the method of the 10 
invention, preferably a cellulose membrane wherein the 
compound to be activated is heparin or a heparin-ana- 
logue. 

In accordance with a further elaboration of the 
invention, hydroxyl- and/or carboxyl groups of the is 
heparin are first activated with a bifuhctional reagent, 
preferably a carbonylating reagent of the general struc- 
tural formula FMCO)-R2. more preferably 1 ,r<arbonyl 
diimidazole or l f 1-carbonyl-1,2,4-triazole. The activa- 
tion takes place in a solvent which is not reactive with 20 
respect to the bifunctional reagent and the activated 
heparin, for example formamide. During this activation 
no cross-linking of the heparin occurs. Subsequently, 
the membrane is incubated in the solution of the acti- 
vated heparin. After rinsing and drying the heparinized 25 
membrane is obtained. 

In addition to the advantage accomplished by the 
invention, namely a strong improvement of the blood 
compatibility of the membrane, a further advantage is 
that by pre-activating the heparin with the reagent dur- 30 
ing the immobilization step the reagent is not available 
fa cross-linking the membrane, so that the permeability 
of the membrane involved is not affected by cross-link- 
ing of the membrane by the bifunctional reagent 

35 
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membranes shows a prolonged coagulation time (see 
Fig. 2). Further, heparinized membranes, unlike non- 
modified membranes, hardly, if at all, give rise to com- 
plement activation when they are contacted with blood 
(see Fig. 3). 

Claims 

1 . A method of modifying the properties of a surface of 
a substrate by covalent bonding of a physiologically 
active compound solved in a solvent-containing 
solution and containing one or more functional 
groups to the surface. 

characterized in that the one or more functional 
groups of said compound are all or partly activated 
by a reagent in a solvent-containing first solution, 
whereafter the activated compound is exposed to a 
functional substrate surface in a solvent containing 
second solution during which the compound 
becomes covalentiy bonded to said surface, said 
reagent being a carbonylating reagent having a 
structural formula R r (CO)-R 2 . wherein and R2 
represent groups which can easily be separated. 

2. A method as claimed in claim 1 , 
characterized in that the carbonylating reagent is 
1 , 1 '-carbony! diimidazola 

3. A method as claimed in daim 1, 
characterized in that the carbonylating reagent is 
1 . 1 '-carbonyM .2.4-triazoia 

4. A method as claimed in claims 1 -3, 
characterized in that the functional groups of the 
compound are carboxyl- and/or hydroxyl- and/or 
amino groups. 



Heparin sodium salt is converted into heparin-ben- 5. 
zyl trimethyi ammonium salt via an ion-exchange proce- 
dure in order to increase the solubility of heparin in *o 
organic solvents. Subsequently, the heparin salt is dis- 
solved in formamide (0.25 g.ml" 1 ) to which carbony! 
diimidazole (CDI) is added until a heparin/CDI ratio 6. 
(w/w) of 8.5 has been reached. After stirring tor half an 
hour at room temperature, a cellulose membrane is 45 
added whereafter the reaction mixture is regularly 
homogenized for 48 hours. Thereafter, the membrane is 
rinsed with formamide, water and a NaCI solution and 7. 
subsequently incubated in a glycerol solution and dried. 

The heparinized membrane has a typical heparin so 
surface concentration of about 50 *ig.cm" 2 . This amount 
can be varied control lably by adjusting the heparin con- 8. 
centration in the reaction mixture (see Fig. 1) The 
heparinized membrane has the same permeability to 
urea as the non-modified membrane. The Wood com- ss 
patibility of the membrane has been highly improved by 9. 
the heparinization procedure. In comparison with citrate 
plasma which is incubated in non-modified membranes, 
citrate plasma which is incubated in the heparinized 



A method as claimed in claim 1 , 
characterized in that the functional substrate sur- 
face comprises hydroxyl- and/or carboxyl- and/or 
amino groups. 

A method as daimed in claims 1 -5, 
characterized in that the compound after immobili- 
zation on the substrate surface, increases the bio- 
compatibility of the surfaca 

A method as claimed in claim 6. 

characterized in that the compound is heparin or a 

heparin-analogue. 

A method as claimed in claim 1 . 

characterized in that the solvent of the solution for 

activating the compound is of an organic nature. 

A method as claimed in claim 8, 
characterized in that the solvent is dioxane. tet- 
rahydrofuran, dimethyrformamide, acetone, forma- 
mide or dichloroethane. 
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1 0. A method as claimed in claims 8-9, 
characterized in that the solvent is a mixture of a 
plurality of solvents. 

1 1 . A method as claimed in claim 1 , $ 
characterized in that the substrate surface is cellu- 
lose or a cellolose derivate. 

12. A method as claimed in claim 1 and claim 8, 
characterized in that the substrate surface com- io 
prises a hydrogel. 

13. A method as claimed in claim 1, 
characterized in that the activated compound is 
bonded to the substrate surface via a spacer mole- is 
cule. 

14. A method as claimed in claim 13, 
characterized in that a poly(ethylene oxide) con- 
taining molecule having two or more functional 20 
groups is used as the spacer molecule. 

15. A method as claimed in claim 14, 
characterized in that the functional groups are 
hydroxy!- and/or carboxyl- and/or amino groups. 25 

16. A membrane comprising a surface with modified 
properties, a physiologically compound having 
been immobilized on the surface via a covalent 
bond. 30 
characterized in that the compound has been 
immobilized according to the method as claimed in 
claims 1-15. 



characterized in that the immobilized corrpound is 
a chemically modified heparin. 

24. A membrane as claimed in claim 21, 
characterized in that the heparin is a hepann hav- 
ing a low molecular weight 

25. A membrane as claimed in claim 19, 
characterized in that the immobilized compound is 
a heparin-analogue. 

Paten tansprtiche 

1. Verfahren zur Modifizierung der Eigenschaften 
einer Oberfiache eines Substrats durch kovalentes 
Binden einer physiologisch aktiven Verbindung, die 
in einer LGsungsmittel enthaftenden Lasung gelOst 
ist und eine Oder mehrere funktionelle Gruppen 
enthait, an die Oberfiache, dadurch gekennzeich- 
net, daft die eine funktionelle Gruppe Oder die meh- 
reren funktionellen Gruppen dieser Verbindung aile 
Oder teilweise durch ein Reagens in einer LOsungs- 
mittel ertthattenden ersten LOsung aktiviert 
wird/werden, woraufhin de aktivierte Verbindung 
einer funktionellen Substratoberfiache in einer 
Lasungsmrttel enthaftenden zweiten LOsung aus- 
gesetzt wird, wobei die Verbindung wahrend dieser 
Zeit kovalent an die Oberfiache gebunden wird und 
das Reagens ein carbonylierendes Mittel mit einer 
Strukturformei R r {CO)-R2 ist. in der R, und Rs 
Gruppen sind. die leicht abgetrennt werden kfln- 
nen. 



1 7. A membrane as claimed in claim 16, 
characterized in that the membrane is made of cel- 
lulose. 

18. A membrane as claimed in claim 16, 
characterized in that the membrane is made of a 
cellulose derivative. 

1 9. A membrane as claimed in claim 16, 
characterized in that the immobilized compound 
increases the blood compatibility of the membrane. 

2a A membrane as claimed in claim 19, 

characterized in that the immobilized compound is 
a compound comprising a polyelectrolyte. 



2. 



21 



A membrane as claimed in claim 20, 
characterized in that the immobilized compound is 
heparin. 
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22. A membrane as claimed in claim 20. 
characterized in that the immobilized compound is 
fractionated heparin. 

23, A membrane as claimed in claim 20. 
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Verfahren nach Anspruch 1, dadurch gekennzeich- 
net, daB das carbonylierende Reagens 1,V-Carbo- 
nyfcjiimidazol ist 

Verfahren nach Anspruch 1, dadurch gekennzeich- 
net, daG das carbonylierende Reagens 1,1-Carbo- 
nyM,2,4-triazol ist 

Verfahren nach den AnsprOchen 1 bis 3. dadurch 
gekennzetchnet daB die funktionef len Gruppen der 
Verbindung Carboxyl- und/oder Hydroxyi- und/oder 
Aminogruppen sind. 

Verfahren nach Anspruch 1, dadurch gekennzeich- 
net. daG die funktionelle Substratoberfiache Hydro- 
xy!- und/oder Carboxyl- und/oder Aminogruppen 
umfeGt 

Verfahren nach den AnsprOchen 1 bis 5, dadurch 
gekennzeichnet, daB die Verbindung nach der 

kompatibilitat der Oberfiache erhOht 

Verfahren nach Anspruch 6, dadurch gekennzeich- 
net. daG die Verbindung Heparin Oder ein Heparin- 
Analogon ist 
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8. Verfahren nach Anspruch 1 , dadurch gekennzeich- 
net daB das LOsungsmittel der LOsung fur die Akth 
vierung der Verbindung von organischer Natur ist 

9. Verfahren nach Anspruch 8. dadurch gekennzeich- s 
net daB das LOsungsmrtte! Dioxan, Tetrahydro- 
furan. Dimethytformamid. Aceton, Formamid Oder 
Dichtorethan ist 

10. Verfahren nach den Anspruchen 8 bis 9, dadurch w 
gekennzeichnet daB das LOsurtgsmrttel eine 
Mischung aus einer Vielzahl von LOsungsrnitteln 

ist. 

1 1 . Verfahren nach Anspruch 1 , dadurch gekennzeich- is 
net daB die Substratoberfiache Cellulose Oder ein 
Ceilutosederivat ist 

12. Verfahren nach Anspruch 1 und Anspruch 8. 
dadurch gekennzeichnet. daB die Substratoberfia- 20 
che ein Hydrogel urrrfaBt 

13. Verfahren nach Anspruch 1, dadurch gekennzeich- 
net daB die aktivierte Verbindung an die Substrat- 
oberfiache mittels eines Abstandhattermolekuls 25 
gebunden wird. 

14. Verfahren nach Anspruch 13, dadurch gekenn- 
zeichnet daB ein Poly(ethyienoxid) enthattendes 
Molekul mit zwei Oder mehreren funktionellen zo 
Gruppen als AbstandhaltermolekOI verwendet wird. 

15. Verfahren nach Anspruch 14, dadurch gekenn- 
zeichnet daB die funktionellen Gruppen Hydroxyl- 
und/oder Carboxyl- und/oder Aminogruppen sind. 3s 

16. Merrtoran, die eine Oberfiache mit modtfizierten 
Eigenschaften urrrfaBt wobei eine physiologische 
Verbindung an der Oberfiache mittels einer kova- 
lenten Bindung immobiiisiert worden ist dadurch 40 
gekennzeichnet daB cfie Verbindung nach dem 
Verfahren gemSBden Anspruchen 1 bis 15 immobi- 
iisiert worden ist 

17. Membran nach Anspruch 16, dadurch gekenrv 45 
zeichnet daB die Membran aus Cellulose herge- 
steltt worden ist 

18. Membran nach Anspruch 16, dadurch gekenn- 
zeichnet daB die Membran aus einem Cellulosede- so 
rivat hergestellt worden ist 

19. Membran nach Anspruch 16, dadurch gekenn- 
zeichnet daB die immobilisierte Verbindung die 
Btutvertragiichkeit der Membran erhOht. 55 

20. Membran nach Anspruch 19. dadurch gekenn- 
zeichnet daB die immobilisierte Verbindung eine 
Verbindung ist. die einen Polyelektrolyten umfaBt 



21. Membran nach Anspruch 20, dadurch gekenn- 
zeichnet, daB die immobilisierte Verbindung Hepa- 
rin ist. 

22. Membran nach Anspruch 20. dadurch gekenn- 
zeichnet, daB die immobilisierte Verbindung fraktio- 
niertes Heparin ist 

23. Membran nach Anspruch 20, dadurch gekenn- 
zeichnet. daB die immobiDsierte Verbindung ein 
chemisch modrfiziertes Heparin ist. 

24. Membran nach Anspruch 21. dadurch gekenn- 
zeichnet, daB das Heparin ein Heparin mit einem 
niedrigen Molekulargewicht ist. 

25. Membran nach Anspruch 19, dadurch gekenn- 
zeichnet, daB die immobilisierte Verbindung ein 
Heparin-Analogen ist 

Revendications 

1 . Proc6d6 pour modifier les propridtes d'une surface 
d'un substrat par liaison covalerrte a la surface d'un 
compost physiologiquement actif dissous dans 
une solution contenant un solvant et contenant un 
ou plusieurs groupes fonctionnels, caractdrirt en 
ce que le ou les groupes fonctiomels dudit com- 
pos6 sort actives total ement ou parti eilemertt par 
un r§actrf dans une premiere solution contenant un 
solvant apr&s quoi le compost activ6 est expos6 k 
une surface de substrat fonctionnelle dans une 
seconde solution contenant un solvant pdriode au 
cours de laqueile le composd deviertt lid de 
manidre covalente k ladtte surface. I edit rdactif 
dtant un r6acW de carbonytation ayant une fbrmule 
structurale Ri-{CO)-R2 dans laqueile et R2 
reprdsentent des groupes qui peuvent aisdmerrt 
etre sdparfe. 

2. Prortdd selon la revendication 1 , caractdrisd en ce 
que le r6acW de carbonylation est le 1/T-carbonyl- 
diirridazcla. 

3. Proc6d6 selon la revendication 1 , caract6ris6 en ce 
que le r6actif de carbonylation est le 1 ,1'-carbonyf- 
1,2,4-triazole. 

4. Proceed selon les revendications 1 k 3, caract6ris6 
en ce que les groupes fonctionnete du composd 
sont des groupes carboxyle et/ou hydroxyle et/ou 
amina 

5. Proc6d6 selon la revendication 1 , caract6ris6 en ce 
que la surface de substrat fonctionnelle comprend 
des groupes hydroxyle et/ou carboxyle et/bu amina 

6. Proc6d6 selon les revendications 1 k 5, caract6ris6 
en ce que le comport, aprfcs irnmobilisation sur la 
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surface du substrat, augmerrte la biocorrpatibifit6 
de la surface 

Proctde seion la revendication 6. caracterise en ce 
que le compost est I'heparine ou un analogue de 
I'heparine. 

Precede selon fa revendication 1 , caracterise en ce 
que le solvant de la solution pour activer le com- 
post est de nature organique. 

Procede selon la revendication 8, caracterise en ce 
que le solvant est le dioxane, le tetrahydrofurane. le 
dim6thylfbrrnamide, racetone, !e formamide ou le 
dichloroethane. 

Proc6d6 selon les revendications 8-9, caracterise 
en ce que le solvant est un melange de plusieurs 
sotvants. 



11. Proc6d6 selon la revendication 1 , caracterise en ce 
que la surface du substrat est de la cellulose ou un 
derive cellulosique. 



is 
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20. Membrane selon la revendication 19, caracterisee 
en ce que le compost immobilise est un compose 
comprenant un polyeiectrolyta 

21. Membrane selon la revendication 20, caracterisee 
en ce que le compost immobiOse est de I Ti sparine. 

22. Membrane selon la revendication 20. caracterisee 
en ce que le compost immobilise est de I'heparine 
fractionnee. 

23. Membrane selon (a revendication 20, caracterisee 
en ce que le compost immobile est une h Sparine 
modifiee chimiquement 

24. Membrane selon la revendication 21, caracterisee 
en ce que meparine est une heparine ayant une fai- 
tde masse moieculaire. 

25. Membrane selon la revendication 19, caracterisee 
en ce que le compose immobilise est un analogue 
de ThSparine. 



1 2. Proc6d6 selon la revendication 1 et la revendication 2s 
8, caracterise en ce que la surface du substrat com- 
prend un hydrogel. 

13. Proc6d6 selon la revendication 1 . caracterise en ce 
que le compost active est lie k la surface du subs- 30 
trat par finterm6diaire d'une molecule espaceur. 

14. Proc6d6 selon la revendication 13, caracterise en 
ce qu'une molecule contenant du poly(cocyde 
methylene) ayant deux ou plusieurs groupes tone- 35 
tionnels est utiiiste comme molecule espaceur. 

15. Proc6d6 selon la revendication 14, caracterise en 
ce que les groupes fonctionnels sont des groupes 
hydroxyle et/ou carboxyle et/ou amino. 40 



16. Membrane comprenant une surface ayant des pro- 
pri6t6s modifies, un compose physiologiquement 
actif ayant ete immobilise sur la surface par le biais 
cfune liaison covalente, caracterisee en ce que le 45 
compost a ete immobilise par le proc6de selon les 
revendications 1-15. 

17. Membrane selon la revendication 16, caracterisee 

en ce qu'elle est constitute par de la cellulose. so 

18. Membrane selon la revendication 16, caracterisee 
en ce qu'elle est constitute par un derive cellulosi- 
que. 

55 

19. Membrane selon la revendication 16, caract6risee 
en ce que le compose immobilise augmerrte la 
compatibilite de la membrane avec le sang. 
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Influence of the heparin concentration of the reaction 
solution on the amount of immobilized heparin. 

FIG. 1 
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C3a generation as a result of blood-membrane contact by 
heparinized (approx. 50 jig/cm 2 ) and non heparinized 
Cuprophan® as a function of incubation time. 
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